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OUR EXPERIENCES IN THE POSSIBLE USE OF THE ELECTRON
MICROSCOPE IN SOIL STUDY EXPERIMENTS

G. Partay

The electron microscope and its field of science 1s still - /389%
relatively young -- a child of this century. The preparatory
research startediat the beginning of the century,and the first
usable electron microscope appeared in the thirties.

In our country, the research started in 1952 at the Hungarian
Academy of Sclence Central Electron Microscope Laboratory, and,
starting 1n the early sixfties, branched out to a variety of

specialized flelds of science.

The general electron coptical and preparatory information
(special nomenclature and explanation of concepts, ete.) is avail-
able in a number of well-written domestic and forelgn handbooks
and other publications [1, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14,

15, 17, 19, 20]. We do not wish to deal with .these, but would

like to publish our experlences relating to soll study experiments.
We have to emphasize that 1in the followling the characterlstlcs of
minerals are examined from the point of view of electron microscopy.
Thus, when we refer to a picture as definable or nondefinable, it
does not mean that we are referring to other methods or instru-
ments as well. It is true that for structure determination it is
necessary to censlder iInformation from a variety of instruments

and experiments. There are, however, two methods in which one has
to totally rely on the electron mlcroscope; these are selective

microdiffraction and shbmicroscopic particle measurement.

¥ Numbers in the margin indicate pagination in the foreign téxt.



In each case our ilnstrument was the TesSla BS 242A type elec-
fron microscope, which has a final magnification of 35,000x,
a resolution of 40 &, and an accelérating voltage of 40 kV.
Our photography was done on Orwd slides and Agfa Agepe FF fillm.
In order to get pictures which 4t is possible to evaluate, a
few special demands must be met: acceptable dispersion, layer
thickness (transparency), particle size, the prevention of
byproduct formation, and, if necessary, 1lnereasing the contrast.

In seoil study practice, one uses the Kachinsky method for
the preparation of suitable particle size fractions forphysical
and chemical analyses, the Gorbunov or Jackson method of prepara-
tion for X-ray examinations, and similar methods for thermal
analyses. At first, és a general method, we dlspersed the sample
in 0.01 N NH)OH solution in an agate mortar. Grinding in the motor
with the ammonia medium acting as detergent is intended to pre-
vent coagulation in the samplerpreparation. However, we found
that thls method, which was developed for the preparaticn of pure
clay minerals, is not always applicable to solls. In soil we find,
even from a preparatory point of view, a complex system of
matter, the components of which resist these dispersion experl-
ments. Here we mean the salt and organics content, the amor-
phous materilals, the biocloglcal and chemical binding of the
particles. In order to improve our results, we tried to find
another medium to increase the degree€ of dispersion, for example,
colleld-solution, washed quartz, etcs. These experiments: were
unsuccessful, especlally since the need arose for a preparatory
technique which would satisfy the demands of all three analytical
methods (electron microscopy, X-ray, DTA-DTG) ,: would. giver ..
results that are easily evaluated and reproducible; 1s fast, makes
it possible to appreoach a problem from several aspects, creatéé
few subjective error possibilities, and does not form byproducts,



This is necessary on the one hand for the examination of charac-
teristics, and, on the other, for the electron microscope's /390
photographic technique, because theré is a connection between the
contrast, the layer thickness and the applied accelerating voltage.
The greater therapplied voltagé, the greater the transparent layer
thickness, and the lower the resolution. The recognition of this
fact among others made the develbpmént of low voltage electron
microscopy possible in the last décadé. The use of a 50-kV
accelerating voltage permits the examination of approximately

a 0.1 um layer thickness. Due to the great depth of focus, every
structure in this thickness 1s photographed. Thus, one has to be

very careful when evaluating the pictures.

First we experimented with a vibrator method. We weilghed
0.5 g material into 50 ml 0.10 N NHjOH and shook it for 24-25 hours,
taking samples forrexamination dmmediately after shaking as well
as after settling for 1, 24 and 48 hours. These experiments gave Iy
considerably better results than the grinding method. Although
we got enough ildentically prepared material to be examined in all
the instruments, the preparation took much tee long. Thus, the
purpose of the followlng experiments was to shorten the time
involved. In biological preparations, the use of a blender 1s
a well-known technique. We weighed U4 g material into 0.01 N
NH4OH and blenderized it for 1, 2, 3 and 4 min. We took sdmples
immediately as well as after 1, 24 and 48 hours settling. This
took a satisfactorlily short time, the degree of dispersion was
high and no byproducts were formed. However, the basic disadvan-
tages in all the preceding methods was that they required the use
of a detergent and were material-specific and selective in soil
studles. The montmorilionite series shown after Z2-min treatment
(Fig. 1) and after 4Y-min treatment (Fig. 2) indicates that this
method is not satlsfactory. The members of this serles are:

1., Veszprém montmorillonite
2. Istenmeze]Je bentonite



Fig. 1. Five different
montmorillonites after
2 min of blenderizing:
a) immediately after
workup; b) after 48
hours settling.
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Fig. 2. Five different
montmorillonites after
4 min of blenderizing:
a) immediately after
workup; b. after 48
hours settling
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3. Koldu spotted bentonite

4, Koldu. green bentonite

5. Istenmezeje bentonite (from a
different assay

Even the two Istenmezeje bentonites

(2, 5) behave differently at the work-

up. We could not achieve the ideal
situation, where our suspension would /391
not contain some large conglomerate
particles. To this end, we intro-

duced the ultrasonic technique, which
satisfied all the demands mentioned

above.

We have previously published [16]
experiments related to the use of
ultrasonic waves, background literature
and part of our results.

The ultrasonic technique facili-
tates the fast, objective preparation
of well-homogenlized suspensions in
water without the use of a detergent.
The sample 1s then transferred to the
membrane in the form of a microdroplet.

Special Preparatory Conditions

Attention should be called to a
few problems. First of all, the
behavior of the microdrop and the
suspension is influenced by the sur-
face tension characteristics of the
membrane. On a nonhydrophilic membrane,
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the material suspended in the droplet wlll be deposited as a
margin when the drop dries. In Fig. 3 we see a section from a
sample of Szology dust precipitated around the edge of the droplet.
Its composition cannot be determined. From Fig. U4, however, which
comes from a depth of 0-1 cm in section I of Okdri Lake (car-
bonated lake silt), we got more information due to better pre-
paration. The whole picture surface is covered by a very thin,
amorphous-appearing laﬁér‘ffom which
the 111ite platelets stand out 1like
tiny islands. The largest particle

is quartz, on which the recrystallized
salts settle. The picture is enriched
by a few other crystal formations,

such as what appears to be amorphous
3105 as tiny but very electrodense

e T baim il g globular material and some other un-
Fig. 3. Szology dust.
Drop margin. Not
shaded. tration in the margins can cause

identifiable formations. The concen-

serious errors, partly because
particles deposited on top of each
other are useless for the purpose of
morphological examinations, and partly
because, not being visible, the

observed selection is erroneous.

. : Furthermore, due to this conglomerate
3 S el S, formation, performance of a selective

Fig. 4. Okdri Lake microdiffraction also becomes im-
section I. O-lcm,

shaded with palladium possible. In order to achieve our

purpose, we experimented:with a variety
of membranes: cellulose acetate,
formwar, and carbon, as well as different wettling agents and
procedures, e.g. NaOH, detergents, colloid suspensions and the use
of ion bombardment. We tried to form a colloid suspension with
our material, transfer this suspension to the membrane and



Preciplitate it out of the colloid. 1In this way, the particles
retain their position from the colloid.

This method is clumsy and requires a special membrane
(silicon), because the generally used membranes dissolve or shrink
from the collold solvents. According to our observations, the
best surface tension-diminishing effect was shown by the ion-
bombarded carbon membrane. Less sensitive suspension with
favorable physical-chemical characteristics (e.g. pure clay
minerals) could be transferred to a formwar membrane directly
after ultrasonic disintegration without further treatment.

After transferring the suspension to the membrane and drying
it, 1t is sometimes necessary to shade 1t for the purpose of
increasing the contrast and facillitating particle size measure-
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ment. This 1s done in vacuum by evaporatling a 'metal which

does not give a structure of 1ts own. Such metals are: gold,
aluminum, palladium, platinum or some combinaticn of the above.
In our experiments we use four-nine purity palladium, and, 1n
each case, we shade at an angle of 20°. There is a known rela-
tionship between the height of the particle, the length of the
shadow and the tangent of the shading angle. This way, we get
information about our measured material in the third dimension as
well. This relationship, however, only holds for strictly planar
surfaces. In reality, there 1s no such thing, because the membrane
hangs in between the openings of the microgrid; thus a correction
factor has to be used.

Another cause of error is that a semishadow 1s formed due to
technical problems., Measurements and calculations show that on
the average this is not more than 6%; therefore, 6% has to be
subtracted from the length of the shadow,

Untll the scanhlng method was developed, the transmission
technlique had to be used to determine what kind of surface the



material has. The reproduction procedure was suitable for the
cexamination of the materlial's surface. We made a pasty suspension
by grinding in a mortar for 10 min with 0.1 N NHj,OH. We trans-
ferred this to a slide and dried it. Then we tried to make a
colloid or formwar copy of the surface. However, this was not
always successful, since the poured colloid or formwar was ab-
sorbed by the material., Even 1f we succeeded in pulling off the
film, it was full of small particles which were 1mpossible to
remove, thus forming a pseudo-reproduction. Ancther problem was
that, due to the heterocgeneous surface, the reproductlion was torn
and full of holes and could not be evaluated. Therefore, after
the example of blood smears, we proceeded to make a smear from

a sultably dlluted suspenslon. With this method, we created not
only technically favorable conditions, but we also achleved a
certain amount of orlentation of the partliecles, which, in this
procedure, improves the evaluation. We made a carbon reproduction
of this smear. This reproduction gave a very nlce picture, rich
in detall.

The photography in thls case agrees with general electron
microscope methods. However, we want to point out the danger
represented by the selectiveness 1in the photograprhy. This micro-
grid, on which the material 1s placed, isa 3- or, sometimes,
2.3-mm diameter disc wlth approximately 40 usable holes repre-

senting a total area of I mmz. The area of a field of view at a

magnification of 10,000x 1s 25 umz, which means that if we want to
see the total available area, we have to examine and photograph

160 sections. At higher magnification, of course, the situation
is even less favorable. It becomes obvious from the!. data that,
in soll study experiments, one has to proceed with circumspection.
The careful and correct selection of a preparatory method is very
important for the best possible use of the information contained
in the sample. Another problem crops up with respect to

particle size measurement. In the situatlon described above, a



5 um or larger particle will not be in the field of view, or,
rather, it will cover it completely. Therefore, the degree of
magnification has to be selected very carefully, because, other-
wise, we might distort the particle distribution function;
however, one must not stray into optical microscopy magnitudes.
In our experiments we examlne 50 sectlons per microgrid and take
30 pictures per sample. It has been proven that this method 1s
adequate for the study of the general mineral characteristics of
soil sections. We select a degree of magnification between
5000x and 10,000x,and, after adequate preparation, we get well -
distributed, transparent and identifiable pictures. If we are
doing an individual rather than a statistical examlnation, this
method is not satisfactory: 1instead, we can achieve good results
by a systematic examination of section after sectilon.

Evaluation

There are several ways to evaluate and i1dentify electron
mlcroscope pictures. The separation of clay mineral types can be
done with the aid of atlases in the literature [2, 18]. These
contain the typical plctures. However, it 1s not always possible
to use these published plectures, since we only rarely find
perfect particles in soil. They are partly in various phases of
growth and partly the varying forms of breaks and erosions. These
factors have to he considered when interpreting the pletures,
Another possible way 1s to take a serles of pictures of minerals
originating 1n a variety of places and use these as standards
of compariscon. The advantage of this method 1s that it contains
a statistical distribution of variables occurring in soil., With
a large number of pictures it gives a very good basis for compari-
son in the ldentification of structures found in soil., In our
laboratory, we used the latter method successfully 1in the examina-
tion of general mineral characteristics. However, the questlon
comes up whether 1t would be possible to flnd stamps, ldentifying
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marks, which would enable the identification even in the absence

of a characteristic morphological picture.

In the following, we list some examples to 1llustrate the
possibilities of identification.

The kaolinite shows the well-known pseudohexagonal shape

(Figs. 5 a and b). However, the crystal platelets often elongate

Fig. 5. Kaolinlte.
a) Not shaded, b) and
¢)‘carbon reproduc-
tlon.

in the (100) or (010) direction. If
thls elongation is large enough, we
see a parallelogram-shaped figure with
an elongated point, which could easily
be mistaken for cerussite. It is very
apt to coalesce, thus losing its
classic shape and becoming unidenti-
fiable. It also breaks easily, and

the broken fragments are very difficult
to recognize.(Fig. 5 c). Taking the
above into consideration, kaolinite is
one of the most difficult minerals

to identify by electron microscopy.
Identification is only possible after
very careful preparation and persis-
tent examination, and then only on
whole particles.

The rolled-up needles of the
halloysite crystal plates (Fig. 6)
are easily recognizable., In their
determination, however, one always has
to look for the periodlc density
increase and decrease which appears
parallel to the lengthwise edge. This,
depending on the size of the crystal



Fig. 6. Halloysite. The
arrow points at a
not-completely rolled-up
crystal plate. Not
shaded.
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Fig. 7. Illite. Shaded
with palladium.
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plate, may occur once or several

times wlth a distance of approximate-
1y 200 R.
these characteristics in order to

It is necessary to note

differentiate 1t from other minerals
showing a similar picture but
without this inner structure.

Il1lite appears in the form of
a triangle with a rounded point
(Fig. 7).
our solls.

It 1s frequently found in
If, in soll:istudies,
we find in our viewing field a mul-
titude of 0.1 um scalelike con-
figurations, it is most likely illite.
However, the characteristic shapes
have to be present, even though
ill1ite crystal plates from mined
samples are often no larger than
1-1.5 um.

disperse very well; we never find

Our experience is that they

aggregates as we do with kaolinite.

Muscovite (Fig. 8 a and b), from the point of view of

determination, 1s also a rather problematic mineral, in spite of

the fact that 1ts large crystal plates are well oriented and

translucent.
mica group.

These are characteristics of all the members of the
However, we found that during electron microscopy in

muscovite a specific inner structure becomes visible, which

resembles the moiré error site diffraction.

Presumably, in the

muscovite crystal lattice, this represents the potassium error

sites.

We experimented with filling in or rearranging these

error sites, but, for the time belng, we could not prove our

hypothesis.

10

In any case, with the aid of this diffraction picture,
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we could identify muscovite very well.
We find somewhat simllar structural
pictures with a few other minerals

as well (e.g., pyrophillite, chlorite),
but they are quire different and
cannot be confused with muscovite.

In our opinion, this method of
identification is also important with
minerals (e.g., vermiculite, Fig. 9)
that appear ildentical to muscovite,
but do not show this inner structure.

Montmorillonite is greatly

Fig. 8. Muscovite. reponsible for the physical and
a) higher b) lower de-
gree of magnification.
Not shaded. to appear as one of two main types.

chemical condition of soil. It tends

One of them 1s an irregular polygonal
plate, which is very thin and has a
magnitude of 1-2 uym, with slightly
curling edges. It glves a very
characteristic, unmistakable picture
(Pigs 10 a and b). In Fig. 10 c, d,
we marked with arrows those points

which serve as a basis for identifica-

Fig. 9. Vermliculite. tion of montmorillonite in soil
Shaded with palladium. pictures. The other type is a con-
glomerate of tiny 0.1 um scales,
which are easily confused with
similar-appearing amorphous materials found in soil. In this case,
one cannot make a positive ldentification, and further examination
is necessary. The reproduction method is not acceptable here,

because materials always present in soil will precipitate out
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in the dried sample and might completely cover up the thin
crystal plates of the montmorillonite (Fig. 11).

11



Fig. 10 a)Veszprém montmorillonite.

b) Koldu green bentonite; c)
Ujfehér section 4, 28-42 cm;
d) 43-56 ecm. Shaded with
palladium.
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Fig. 11. Montmorillonite.
Carbon reproduction.
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The very electro-
dense quartz particles
are also highly charac-
teristic (Fig. 12); they
are
the
the sediment fraction.
Its
characteristic cracked
In this
case, however, the re-

predominant even in
preparation made from

reproduction shows a

shell surface.

production method is very
useful and provides a
great deal of information.
In the examination of
soils, one of the impor-
tant problems is the
crystalline or amorphous
state of the quartz, or,
rather, the quantitative
ratio of the two phases.
This ratio can be deter-
mined with electron
diffraction, but only

if the instrument's physical charac-
teristics, stabllity and optical
system satisfy the requirements of
the Bragg equation.

e
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We have listed here the
characteristics of a few mineral

types which occur most frequently
in asotl,
constitute soil, but the examination

Naturally, not only these



Fig. 12. Quartz. Carbon
reproduction.

Fig. 13. Sample from
Besenyszdg 22 soil sec-

tion. Meadow soil,
90-110 cm.

[y B O ‘13‘-‘ ey

i e ol e
Fig. 14. Sample from
the Apa] 3 soll sec-
tion. Crusty meadow
soil, 11-26 cm.
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of the other components 1s difficult
Since they are dispersed in low
quantities., These problems were
discussed in the preparatory section.
The use of the electron microscope
for routine examinations of this
nature 1is not recommedned either from
a sclentific or economic point of
view.

In addition to achieving homo-
geneous and well dispersed samples,
the ultrasonic method is particularly
useful in electron microscopy
because of its liberating effect due
to cavities. As a result, we could
observe degradation phenomena in
individual crystals. On the photo-
graphs (Figs. 13 and 14), one can
see the thinning areas as well, and
from these is can be determined that
the erosion does not occur evenly
from all sides; there are sections
more resistant to crumbling. We
could not study this phenomenon
further because our instrument did
not have the required resolution and
magnification. Byproduct formation
cannot be considered at this energy
level and duration; we provied this
empirically on another occasion [16].
In any case, this is a special field

of application for the electron microscope which is very helpful

in the understanding of process occurring in soil.

13
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With electron microscope
soll analysls one can also
determine other objectives
in addition to the identifi-
catlon of mineral components.

We developed a modifi-
catlon of the vibrator
method and used it success-
fully for the determination
of organic matter and micro-
flora in rendsina soils.

We shook 2 g of material in
100 ml 0.01N NHjyOH for 0.5
and 5 hours. Samples were
taken immediately, as well
as after 2 hours settling,
and, in order to increase
the contrast, they were

Fig. 15. Submicroscopic picture treated with 1% phospho-
from rendsina soll. Shaded
with palladium. Montage.

Fig. 16,
earth.
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Diatomaceous

tungstic acid. Our results
were published in a previous
paper [21] (Fig. 15). We
find diatoms in many cases which
supports our belief that the soil
from which our sample came represents
an area that was once under water
for a long time. In a few samples,
we succeeded in finding amorphous S105
globules; this observation agrees
completely with Iler's [11] experiments
(Fig. 17).
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Summary

We experimented with
the use of transmission
electron microscopy in soil
research with special con-
sideration to the study of
the methods and problems
of

1) general preparation
2) specific preparation
3) picture evaluation.

We developed and used the
ultrasonic disintegration
as a general and, in some

cases, specific preparatory
Filg. 17. a) Ocean_silt. b) Sec- method. For rendsina
tion from a). c¢) Ujfehér lake soils, we used post-
section 4, 56-70 ecm. d) Con-

glomerate from the surroundings
of Fert®boz section 1. tungstic acid. In the

contrasting - with phospho-

examination of mineral

characteristics, we noted
those structural stamps which aid in the identification of the
major components of soil samples.

15



10.

1l.

12.

13.

14,

15.

16.

16

REFERENCES

Ardenne, M. V.,'Eléctronén%ﬁbermikrbskgpie [Electron Ultra-
microscopyl, Springer, Berlin, 1940.

London, 1962,

Clark, G. L., Encyclopedia of Microscopy, Reinhold, New York,
1961.

Gerend&ds, M., "Preparation of samples for electron microscopy
research," Természet &s Technika (1) (1952).

Gerendds, M., "The electron microscope and its practical use,"
Természet és Technika (8) (1953).

Grichenko, G. S. et al., Metody elektronnoy microscopii
mineralov [Methods of Electron Microscopy of Minerals],
"Nauka" Press, Moscow, 1969.

Haine, M.E., The Electron Microscope, E. F. Spon., London,
1961.

Hall, C.E., Introduction to Electron Microscopy, MeGraw-Hi1ll
New York, 1953.

Heidenreich, R.D., Fundamentals of Transmission Electron
Microscopy, Willey, New York-London-Sydney, 1964.

Iler, R. K., The Colloid Chemlstry of Silica and Silicates,
Cornell University Press, New York, 1955, pp. 127-180.

Kay, D., Techniques for Electron Microscopy, Blackwell,
Oxford, 1961.

Kelman, V.M. and Javor, S.J., Electronoptika [Electron Optics],
"Aksdémiai Kiadd" Press, Budapest, 1965,

Lebedeva, A.A., Elektronnaya mikroskopiya [Electron Microscopyl,
"Tekhniko-Teoreticheskoy Lit." Press, Moscow, 1954,

Mégnaﬂas.C-a'Tfaité'de?miércsqggiegélectgoniqer[Treatise
on Electron Micrbscvpy}, Vols »I-IL, Hermann, Parisz, 1561,

Partay, G.,'"Ultrasonic~préparationufor mineralogical " /399

investigations," Agrokémia &€s Talajtan 20, 281-288(1971)




171

18,

19.

20.

21.

Reimer, L., Elektronenmikroskopische ' Untersuchungs- und

" Preparatilonsmethoden {Electron Microscope Investigative
and Preparative Methods}, Springer, Berlin, 1959.

osadochnykh porodakh [Atlas of Electron Microphotography
of Clay Minerals and thelr Natural Associations in
Sedimentary Rocks], "Nedra" Press, Moscow, 1966,

Academic Press, New York, 1964,

Stark, Gy., "The modern electron microscope and its use,"
Miiszaki Elet. 18, 1-13 (1963).

Szabd, I., Marton, M. and Partay, G., "Micro-milleu studiles
in the A horizon of a mull-like rendsina," Soil Micro-
morphology, Elsevier, Amsterdam, 1964, pp. 33-45.

17





